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METHOD AND APPAKATOS FOR ^fEASURING DISTANCES 
USING AN ACOUSTIC SIGNAL 

Ttds invention relates to method and apparatus for measuring distances using an 
aooustic signal. In particular it ia concerned with the measm'ement of distance by 
measuring the time of flight of an acoustic slj^ from an acoustic generator to a 
target and bacl^ as an echo, to a receiver. The target can be any surface capable of 
reflecting the signal and can be formed by a liquid or solid. A purpose of the method 
and the apparatus is to provide for determining changes in the distance of the target 
surface relaHve to the receiver. 

t 

Distance measuring instruments exist in which an acoustic signal Is generated by an 
active member acting as an acoustic wave transmitter and an echo of that signal is 
detected by the same active member acting as a receiver. Such instruments 
commonly make use of a transmitter/i^lver active member embodied in a plezo-> 
electric ceramic component. Tiie time between the electrical exdtation of the active 
member and its dectrical response to the lesultant echo torn the taxgeX la a measure 
of ^e distance of the target from the instrument given tiw speed of the acoustic 
signal through the medium through which it is propagated. The medium Is 
commonly air in which the speed of soimd has a known relationship to the 
temperature of the air. It Is necessary to know the temperature of the air so that the 
speed of sound can be accurately calculated. The temperature used must be 
representative of the average temperature of the air through which the sound is 
pas^g. As there is often a tem]p«ature gradient between the instrument and its 
target the temperature of the air in the immediate vicinily of the sensor will not 
usually be representative of the average temperature end so not conducive to the 
making of accurate measurement. 

According to a fixst aspect of the present invention there is provided a method of 
measuring the distance of a target surface on a path from an aooustic 
transmitter/receiver to a target surface comprising the steps of; 
1 propagating an acoustic signal along the path from the transmitter/receiver to 
the target surface and to a first receiver; the first receiver being located in the 



path at a refisretice-distBiice from ^ traiumittei/ receiver and Intermediate the 
transmitter/receiver and the target; 

2 starting a timer Bimultaneously with the propagating st^; 

3 detecting Oie arrival of the propagated signal at the first receiver; 

4 measuring as a reference-time the time taken foe the propagated signal to 
arrive at ft\B fixsi reeeh/'er from the transmitter /i«ceiver ; 

5 detecting the anival of an echo of the acoustic signal reflected from the target 
surface at a second receiver located in the path Intermediate the target and the 
transmitter receiver; the first and second receivers being spaced along the path 
by a separation-distance; 

6 measuring as a target-time the time taken for the arrival of the echo of the 
signal at the second receiver; 

7 deteimiiung the distance between the transmitter/receiver and the target by 
computing as a ratio the reference-time with the difference between the target- 
time and reference-time to determine adistancerepresentlngtwice the distance 
between Hhie second receiver and the target, by applying ^s ratio to the 
reference-distance and then subtracting the separation-distance. 

According to a second aspect of the present Invention there is provided a method of 
measuring the distance of a target sur£3u:e from an acoustic receiver along a path 
comprising the steps of: 

1 causing an acoustic signal generator to propagate an acoustic signal towards 
the target surface along the path; 

2 detecting the passage of that acoustic signal at a first point on the path at a 
fixed distance from the generator and between the generator and the target 
surface; 

3 starting a timer simultaneously wl^ signal detection step; 

4 directing a first part of the acoustic signal faxa the first point towards a 
reflector at a fixed reference-distemoe from the first point; 

5 detecting the return of an echo to the first point fcom the reflector of the first 
parr of the acoustic signal; 

6 recording as reference-time the time taken for the passage of the first part of 
the acoustic signal to the reflector and bade to &e first point; 

' \. .... 
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7 detecting; the arrival of an echo of the acoustic signal from the target surface 
at a second point at a fixed separation-distance from the first point and 
between the first point and die tat^t surfaceif 

8 recording as target-time the time taken for the arrival of the echo of the signal 
at the second pdnl;; 

9 determining the distance between the second-point and the target by 
multiplying tlie ratio of the reference-time to the target-tiine by the reference- 
distance and then subtracdng one half of the separation-distance. 

According to a first preferred version of the first or second aspect of the present 
Invention wher^n the separation-distance is zero. 

According to a third aspect of the present invention there Is provided apparatus foi* 
measuring the distance to a target surface characterised by: 

1 a transmitter for propagating an acoustic signal akmg a path towards tiie 
target; 

2 a platform located at a &ed position along the propagation path and partially 
intercepting the acoustic signal; 

3 a first acoustic receiver positioned on the platform to detect the propagated 
acoustic signal; 

4 a second acoustic receiver positioned on the platform to detect an echo of the 
propagated acoustic signal from the target; 

5 means for the control of the transmitter; 

6 timing means for determining a time of passage of the propagated signal to the 
iirst acoustic receiver and a time of arrival of an echo from the target at the 
second acoustic recelvex; 

7 computation means for deriving the distance of the target relative to the 
apparatus from the determined times and the known positions of the receivers 
relative to the transmitter. 

According to a fourth aspect of the present invention there is provided apparatus iov 
measuring the distance to a target surface comprislrvg; 

1 a transmitter far propagating an acoustic signal along a path tourards the 



target transmitter farther being capable of reflecting acouBtic signals 
received along the path back along the patih of propagatioi^; 

2 a platform located at a fbced poflition alongthe propagation path and partially 
Intercepting the aooustic signal, the platform being shaped to reflect a poation 
of the propagated signal back towards the transmitten 

3 a first acoustic receiver positioned on the platform to detect the propagated 
acoustic signal and to detect a subsequent echo of that signal from the portion 
reflected along the path from the transmitter; 

4 a second aooustic receiver positioned on the platfazm to detect an echo of the 
propagated acoustic signal from the tar^t; 

5 means for the controlling the transmitter; 

6 timmg means for determining a time of passage of the portion of the 
propagated signal reflected bade to tiie transmitter aiid returned as a reference 
echo to the first acoustic receiver and the time of arrival of the echo at the 
second acoustic receiver from the taigd; 

7 computation means tar deriving the distance of the target relative to the 
apparatus from the determined times and the known positions of the receivers 
relative to the transmitter, 

lyplcaliy in a preferred verdon of the third or fourth aspects of the present invention 
the separation distance is zero. 

Amongst other advantages the present Inventfonprovides an altemative to calculating 
the speed of sound from the air temperature in the vidnity of tiie transmitter. S 
adideves this by locating a reference target at a fixed and known distance from the 
transmitter (which distance is less than the distance of tine target surface from the 
transmitter) and measuring the time of flight of the acoustic signal to the reference 
target and comparing that time witii that of the time of flight to the targiet surface. 
In this way the effect of temperature gradient on the speed of sound between the 
instrument and the reference target are effectively backed off. Given the distance 
between the transmitter and the reference target is known and the times of flight of 
the acoustic signal are measured by the instrument tiien Qie distance to tiie target is 
readily conqjuted. The doaer the r^ecence target is to the target surface, tiie more 



5 

accurate the measurement. The distance p,) of the target surface from the 
transmitter is ^en derived from the relationship: 

(where: Ly the distance between transmitter and the reference targiet; 

is the time of flight between transmitter end the target surface; and 
T, is the time of flight between transmitter and the reference target.) 

Thepresent invention makes use of a reference targetwhlch incorporates two receiver 
surfaces^ one feeing the acoustic transmitter and the other facing in the opposite 
direction towards the target surface. Both receiver surfaces are sensitive only to 
acoustic signals received towards and normal to their surfaces. 

The advantage of this dispositicot of transmitter and receiver elements and the 
incorporation of receiver elements into the reference target is that the target surface 
can be allowed to approach dose to the r^erence target so improving the ability of 
the system to resolve small changes of position of the target surface. 

Embodiments of the invention will now be described with reference to the 
accompanying drawings of an apparatus for measuring distance of which: 

Figure 1 is a schematic diagram showing the unit in use according to one 

operating mode; and 

Figure 2 shows the apparatus <rf Figure 1 operating according to a second 
operating mode. 

As both figures show virtually identical apparatus, though used in slightly different 
ways, the same references are used in both. 

Figure 1 

An acoustic transmitter 2, with active member 2A for generating an acoustic signal, 
is contained within a housing 1. An extension 8 projects form the housing and 
supports a platform 15 at a fixed distance AB from the transmitter 2, The direction 
of prop^tlon. of the acoustic signal from tlie transmitter 2 is on axis of piopagatUin 
F in the outgoing direction of arrow 14. Target surface 3 serves to reflect an acoustic 
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signal Bnivixig fxom the traxumlttef 2 alor^ the propagation axis P. The face 3 Is at 
a distance AD from the transmitter. 

The platform 15. two acoustic receivers 4 5. Receiver 4 1b aligned to recdve 
signals in the direction of arrow 14. Receiver 5 Is disposed to receive signals releded 
from the target surface 3. In this case the receivers 4,^ toe spaced apart by a distance 
EC along the axifi of propagation F between transmitter 2 and target 13. In an 
alternative embodiment a platform corresponding to platform 15 is shaped bo that the 
two receivers 4^ 5 are in the same plane along the axis of propagation (that is to say 
distaiuee BC is zero). 

■ 

A controller 9 serves to Initiate a signal at the traiunnltter 2 tiirough Une tO and to 
measure; relative to that initial signal^ the time of arrival: 

of the signal at receiver 4by way of path 6; and 

of the signal at receiver 5 by way of path 7; 
through the lines 11 and 12 respectively. 

To measure the distance AD/ the controller 9 causes the transmitter 2 to emit an 
acoustic signal In direction 14 and at the same ttme^ starts an Internal timer {not 
shown)* On arrival at the receiver 4^ having traversed the known dlstaxioe AB^ the 
controller 9 detects the signal through line 11 and records the ttme^ of the internal 
timer. On arrival of the echo of the transmitted acoustic signal fram the targ^ 
surface 3 at receiver 5 by way of path 7 having traversed the unlmown path length 
ADC/ the controller 9 detects the signal through line 12 and records the tlmeir T^^ of 
the internal timer. AD is determined from the expression: AB*(ra/Ti - 1)/2 - BC/2 

Figure 2 

The transmitter X and the platform 15 are aligned so as to cause a portion of the 
propagated signal to reverberate behveen the platform 15 and transmitter 2. 

r 

In this case to measure the distance AD, the controller 9 provides for the transmitter 
2 to emit an acoustic sigiial in directiDn 14 On airival at the receiver 4, having 
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traversed the known distance AB, the controller 9 detects the signal through line 11 
and starts an internal timer (not shown). This part of the signal follows the path 6 
back to the member 2A whereupon It returns and returns to the receiver 4 whew it 
is detected for a second time on line 11. At this instant, the controller 9 records the 
time, T„ of the internal timer. On arrival of the echo of the tranamltled acoustic 
signal fipom the taiget surface 3 at receiver S hy way of path 7 having traversed the 
unknown path length ADC, the controller 9 detects the signal through line 12 and 
records the time, Ty of the Internal timer. 

AD is determined from the expressioni AB(Ta/Ti) • BC/2 
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CLAIMS 

1 A method of measuring the distance of a target smf ace on a path extending 
from an acoustic traiomitter/ieceLver to the target surface comprising the steps 
of: 

1 propagating an acoustic signal along the path from the 
transmitter /receiver to the target surface and to a first receiver; the flret 
receiver being located in the path at a reference-distance from tiie 
transmitter /reoeiver and intermediate the transmitter/receiver and tlw 
target; 

2 starting a timer simultaneously witti the propagating step; 

3 detecting the arrival of the propagated signal at the first recdvei; 

4 measuring as a reference-time the time taken for the propagated signal 
to arrive at the first recelvo; &om fte transmittor/receiver ; 

5 detecting the arrival of an echo of the acoustic signal reflected from the 
target surface at a second receiver located hi the path intermediate the 
target and the transmitter reoeiver; the first and second recetveis being 
spaced along the path by a separation-distance; 

6 measuring as a target-time the time taken for the arrival of the echo of 
the signal at the second receiver; 

7 determining the distance between the tranamittei/ieceiver and the 
target by computing as a ratio the reference-time with the difference 
between the tai^t-time and refeKnce^time to determine a distance 
representing twloe the distance between the seocmd receiver and the 
target by applying this ratio to the re£erenoe'distance and then 
subtracting the separation-distance. 

2 A method of measuring the distance of a target surface from an acoustic 
receiver along a path comprising the steps of: 

1 causing an acoustic signal generator to propagate an acoustic signal 
towards the target surface along the path; 

2 detecting the passage of that aoouatie signal at a first point on the path 
at a fixed distance from the generator and between the generator and 



the tai^t surface; 

3 starting a timer simultaneously with signal detection step; 

4 directing a first part of the acouatlc signal from the first point towards 
a reflector at a flxed reference-distance from the first point; 

5 detecting the return of an echo to the first point from the reflector of the 
first part of the acoustic signal; 

6 recording as reference-time the time taken for the passage of the first 
part of the acoustic signal to the reflector and back to the first point; 

7 detecting the arrival of an echo of the acoustic signal from the target 
surface at a second point at a fixed separation-distance kom the first 
point and between the first point and the tai^t surface; 

8 recording as target-'time the time taken for the arrival of the echo of the 
signal at the second point; 

9 determining the distance between the second-point and the target to by 
multiplying the ratio of the reference-time to the target-time by the 
reference-distance and then subttactlng one half of the separation- 
distance. 

A method of measuring distance as claimed in Claim I or Claim 2 wherein the 
separation-distance is zero. 

Apparatus for measunng the distance to a target surface characterised by; 

1 a transmitter for propagating en acoustic signal along a path towards 
the tai^t; 

2 a platform located at a fixed position along the propagation paHi and 
partially Intercepting the acoustic signal; 

3 a fiist acoustic receiver positioned on ttie platform to detect the 
propagated acoustic signal; 

4 a second acoustic receiver positioned on the platform to detect an echo 
of the propagated acoustic signal from the target; 

5 means for the control of the transmitter; 

6 timing means for determining a time of passage of the propagated 
signal to the first acoustic receiver and a time of arrival of an echo from 
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the target at the Becond acoustic xeceiver; 
7 computation means for dexxviitg the distance of the target relative to the 
apparatus from the determined times and the known poaitlons of the 
receivers relative to the transmitter. 

4 Apparatus for measuring the distance to a tai^ surface comprising; 

1 a transmitter for propagating an acoustic signal along a path towards 
the target the transmitter being adapted of reflecting selected acoustic 
signals received from the path back along the path of propagation; 

2 a platform located at a fixed position along the prapagation path and 
partially intercepting the aooustlc signal, the platform being shaped to 
reflect a portion of the propagated sxgiial back tawards the transmittei; 

3 a first acoustic receiver positioned on the platform to detect the 
propagated acoustic signal and to detect a subsequent echo of that 
signal from the portion reflected along the path from the transmitter; 

4 a second acoustic receiver positioned on the platform to detect an echo 
of the propagated acoustic signal ficom the target; 

5 nieans for the controlling the transmitter; 

6 timing means for determining a time of passage of the portion of the 
propagated signal reflected bade to the transmitter and retiuned as a 
reference echo to the first acoustic receiver and the timue of arrival of the 
echo at the second aooustlc reeeivei' from the target; 

7 computation means for deriving the distance of the target relative to the 
apparatus from the determined times and fhe known positions of tiie 
receivens relative to the transmitter. 

5 Apparatus as claimed in Qalm 3 or Claim 4 wherein the first and second 
acoustic receivers are separated along the path length by a separation distance^ 

6 Apparatus as daimed in Qaim 5 wherein the separation distance is zero. 

7 Apparatus as hereinbefore described with reference to arul as illustrated in 
Figure 1 or Figure 2 of the accompanying drawings 
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